1934;
. Thus, although similar in some respects to the changes found in scurvy, the tooth abnormalities seen in vitamin A deficiency need not necessarily be due to, or be evidence of, a lack of ascorbic acid. Phillips, Lundquist & Boyer (1941) reported that the low level of ascorbic acid found in the plasma of young calves suffering from 'white scour' could be raised by feeding the animals with vitamin A in the form of shark-liver oil. Boyer et al. (1942) found a lowered level of ascorbic acid in the blood and cerebrospinal fluid of calves which were severely deficient in vitamin A, and this finding was confirmed by Moore (1946) . In horses, however, it was shown that experimental vitamin A deficiency carried to a fatal termination had no effect on the concentration of ascorbic acid in the serum (Hart, Goss & Guilbert, 1943) . Rubin & Bird (1943)~ working on chickens, also failed to confirm the relationship between vitamin A intake and the ascorbic acid content of the body tissues.
The object of the present experiments was to re-examine the suggestion that a specific relationship exists between vitamin A and ascorbic acid. The experiments took the form of determining the level of ascorbic acid in the tissues of normal rats, of rats deprived of vitamin A, and of normal rats when food intake was restricted to be equal to that of rats deprived of vitamin A. The effect also was studied of administering chloretone to see whether the increased synthesis of ascorbic acid, which it is known to induce, occurred also in rats deprived of vitamin A.
METHODS

Biological
Piebald and albino rats, of both sexes and of varying ages, were given a basal vitamin A-free diet containing: casein (A/E casein of Glaxo Laboratories Ltd.) 20, sucrose 60, arachis oil 15 and salt mixture 5%, with an additional 10% of dried yeast. Each animal received weekly supplements of vitamins D and E, the former as one drop of Radiostol (British Drug Houses Ltd.) (~6 0 i.u.), and the latter as I mg. DL-a-tocopheryl acetate. Vitamin A was supplied as one drop of halibut-liver oil (= 1500 i.u.)/rat/week. Chloretone was dissolved in arachis oil, and five drops of this solution containing 10 or 20 mg. of the drug were given to each rat by a dropping pipette.
At the termination of each experiment the rats were killed with coal gas and blood was collected after their throats were cut. The livers and suprarenal glands were removed rapidly and their contents analysed for vitamins A and C.
Chemical
Estimation of vitamin A. The livers were placed in 5 yo (w/v) KOH solution and their vitamin A content was estimated by the antimony trichloride method applied after the digestion of the tissues by alkali (Davies, 1933) . When sufficient blood was available its vitamin A content was measured by a modification of Yudkin's (1941) method with a microphotoelectric colorimeter.
Estimation of ascorbic acid. Blood was collected directly into 6% (w/v) trichloroacetic acid, and ascorbic acid was estimated by the method of Roe & Kuether (1943 For determining the urinary excretion of ascorbic acid, 24 hr. samples of urine were collected into dark bottles containing 10 ml. of 20% (w/v) HPO,, and the ascorbic acid was measured by the same method as that used for blood. In the first experiment the metabolism cages used were made entirely of glass to avoid contamination of the urine with metallic impurities. In later experiments metal cages were used in which all the metal parts coming into contact with urine were cellulosed or waxed.
RESULTS
Eflect of vitamin A defiency on the ascorbic acid content of the tissues and blood in rats receiving an umesh'icted diet Albino male rats fed on the diet deficient in vitamin A were divided into two groups. Group I received no vitamin A and group 2 was given weekly one drop of halibutliver oil (=~gooi.u.). Two to 3 weeks after growth had stopped some of the vitamin A-deficient rats were killed and their tissues were analysed for ascorbic acid, the rats receiving vitamin A being killed at the same time. The remaining vitamin Adeficient rats were maintained on the diet for a further period of 3 months and their diet was supplemented with 1500 i.u. vitamin A/rat/week (group 3). The results are shown in Table I , Exp. I.
The ascorbic acid content of the livers of the vitamin A-deficient rats was reduced, both in concentration and total amount, when compared with that found in the livers of the animals given vitamin A; the fall in concentration was less marked than the fall in the total amount. The ascorbic acid level in the blood showed a marked and significant difference between the two groups, the mean value for the deprived animals being only half that for the controls.
In the animals of group 3, given vitamin A after a period of deprivation, the ascorhic acid concentration in the liver and blood was found to be higher even than that of group 2, given vitamin A from the start, but in the suprarenal glands there was no such change. Although these findings might at first sight be interpreted as indicating that the vitamin A, administered after a period of deficiency, had stimulated the synthesis of ascorbic acid, it must be noted that these animals had grown considerably during the 3 months for which they had received vitamin A, and were, therefore, no longer comparable in size with those in groups I and 2.
In a further experiment in which piebald rats were used instead of albinos, the ascorbic acid content of the tissues (blood and liver) was similarly reduced in the males as a result of vitamin A deficiency (see Table I , Exp. 3, groups I and 3). The decrease in the ascorbic acid in the blood of the vitamin A-deficient male animals was, however, less pronounced than with albinos. The difference (0.29) between the means of the values for the ascorbic acid content of the blood of all the vitamin A-deficient and nondeficient, piebald male rats used in this work was found to be significant (t found = 2'977, In contrast to these findings with the male animal, no decrease in the concentration of ascorbic acid was observed in the tissues of piebald female rats (Table I , Exp. 3, groups I and 3). It is of interest to note that the concentration of ascorbic acid found in the blood and liver of piebald female rats was lower than that of corresponding male animals and, moreover, vitamin A deficiency in the male reduced the ascorbic acid content of blood and liver to approximately the same value as that found in the normal female. These findings with the male animals may be interpreted as being due to: (I) an impairment of ascorbic acid synthesis in the organism; or an excessive loss of ascorbic acid from the body due, e.g. to increased oxidation or renal excretion; or (3) other factors such as inequality of food intake between the normal and vitamin Adeficient animals. The validity of the first hypothesis can be established only after the second and third have been excluded.
9)
Effect of vitamin A &jictmcy on urinary excretion of ascorbic acid in rats receiving unrestricted diets
Piebald rats, 60-70 g. in weight, were divided into two groups, both of which were maintained on-the vitamin A-deficient diet. Group I received no vitamin A, while the second group was given 1500 i.u. vitamin A/rat/week. The animals were kept in metabolism cages and 24 hr. samples of urine were collected from each rat twice a week and analysed for ascorbic acid. The procedure was continued for 80 days, by which time the deprived animals had either succumbed to the deficiency or begun to lose weight.
There was no evidence of any increase&excretion of ascorbic acid in the vitamin Adeficient rats, in fact there was a tendency for a progressive fall as the deficiency developed. Typical results for rats of both sexes are shown in Fig. I . This fall in excretion was not observed in the animals receiving vitamin A, which generally were excreting more ascorbic acid at the end of the experiment than at the start.
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These results were subsequently c o n h e d in a later experiment when chloretone was used (see Fig. 2 ), in which the ascorbic acid excretion of the vitamin A-deficient rats, before the treatment with chloretone was applied, was below that of the nondeprived animals. I n this last experiment the average daily excretion of ascorbic acid before treatment with chloretone was in the vitamin A-deficient animals 1-1 mg. and in the non-deficient group 5-7 mg.
It can be concluded, therefore, that the smaller amounts of ascorbic acid previously found in the tissues of vitamin A-deficient rats cannot be explained by an excessive loss of ascorbic acid from the kidney.
Ascorbic acid content of the t k w s of vitamin A-deficient rats com$jared w-th that of non-deprived rats having a restricted food intake (paired feeding)
Male albino rats, 4-50 g. in weight, were divided into two groups. Group I was given the diet deficient in vitamin A, and became depleted, as evidenced by cessation of growth, after a period of 7 weeks, when the rats were killed. The diet of group 2 was supplemented with vitamin A and, in addition, the food intake was restricted throughout the experiment to that of the rats in the first group. At the end of the 7 weeks' period some animals in this second group were given unrestricted food for a further period of I week before being killed (group 3).
The results are shown in Table I , Exp. 2 . The hepatic reserves of vitamin A of the animals in group I had been completely exhausted, whereas the rats in the other groups had adequate stores of the vitamin. No significant difference was found between the ascorbic acid content of the livers or suprarenal glands of the deprived animals (group I ) and of the non-deprived ones with restricted food intake (group 2 ) , but restriction of the diet did not eliminate the difference in the blood values for ascorbic acid of the two groups.
In the animals given vitamin A, and fed to appetite for I week after 7 weeks' restricted Both groups had 8n unrestricted food food intake, the concentration of ascorbic acid in the liver showed a mean level 50% higher than that of the animals in the other two groups. The blood value for ascorbic acid of these animals also was higher when compared with that of group z but, with the suprarenal glands, the week of unrestricted food intake had no such effect. An experiment similar to the last was carried out with piebald rats of both sexes (Table I, Exp. 3), and, with the male animals, essentially the same results were obtained as in Exps. I and 2, except that in the blood of the piebald male rats the difference between the concentration of ascorbic acid for the vitamin A-deficient animals and for the paired-fed ones receiving vitamin A was much less t h a in that of rats of the albino strain, the difference between the means not being statistically significant (t found = 1-54, t tabulated for P o I = 1-81).
In female rats not deprived of vitamin A restriction of food intake produced no decrease in the concentration of ascorbic acid in the tissues.
The 6 e c t of chhetone on the synthesis of dscoTbic acid in rats deprived and not deprived of vitamin A Longenecker, Fricke & King (1940) showed that a variety of hypnotics stimulated the excretion of ascorbic acid in rats, paraldehyde and chloretone being the most effective. They confirmed by biological tests that the reducing substance present in the urine actually was ascorbic acid. Smythe tk King (1942) reported that an appreciable synthesis of ascorbic acid occurred in vitro in tissues from rats treated with chloretone. showed that chloretone increased the excretion of ascorbic acid in cattle. There is, therefore, ample evidence that the administration of chloretone stimulates the synthesis of ascorbic acid.
If vitamin A is concerned specifically in this synthesis, the response of vitamin Adeficient animals to chloretone might be expected to be less than the response of normal animals. Moreover, as the degree of vitamin A deficiency develops, the response to the drug might be expected to become progressively.. less. The effect of chloretone on the renal excretion of ascorbic acid and on the concentration of ascorbic acid in the body tissues of normal and vitamin A-deficient rats has, therefore, been studied. As in previous experiments the influence of food intake was taken into consideration.
Urinary excretion of ascorbic acid
Food intake unrestricted. Twelve male piebald rats were divided into two groups, the first group being given the vitamin A-deficient diet only, and the second group receiving a daily supplement of 1500 i.u. vitamin A. The animals in the two groups were litter-mates. When the animals in the deprived group had ceased growing, all the rats were placed in metabolism cages and 24 hr. samples of urine were collected for a period of 12-13 days. The urinary excretion of ascorbic acid remained reasonably constant for each rat during this period but, as noted previously, the level of excretion in the deprived group was, with the exception of one animal, lower than that in the nondeprived group.
At this stage each rat was dosed with 20 mg. of chloretone daily for a period of 7 days, and urine was collected as before. In all the animals the amount of ascorbic acid excreted rose sharply after the first dose of chloretone, and reached a peak after the second to third dose (Fig. 2) , but the amount excreted by the deficient animals was at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19480003 lower than that by the non-deprived group. At the peak of excretion the non-deprived rats showed a mean daily rise of 40 mg./day compared with one of 15.5 mg./day shown by the deficient rats. The former appeared not to be adversely affected by the dose of chloretone given, whereas most of the deficient animals became comatose soon after dosing, and took some hours to recover.
A later experiment was carried out on female piebald rats. The procedure was identical with that already described, except that 10 mg. chloretone were given instead of 20 mg. because the weight of these rats was about half that of the rats used in the previous experiment.
The pattern of the response to the drug was similar to that given by the male rats, although the difference between individual animals was greater. Once again the deficient animals excreted less ascorbic acid than the non-defident ones. At the peak of excretion the seven nondeprived animals showed a mean rise of 9-7 mg./day, compared with one of 6-1 mg./day shown by the four corresponding deprived animals which were not moribund at the end of the period of dosing. The average response of four deprived and four non-deprived comparable animals is shown in Fig. 2 .
Food intake restricted [paired feeding).
Twelve male piebald rats were divided into three groups, each: of which received the diet deficient in vitamin A. Each of the animals in group 2 received a weekly supplement of 1500 i.u. vitamin A, and their food intake was restricted from the beginning of the experiment to that of the animals in group I which received no supplement. Group 3, which received the same vitamin A supplement as group 2, was not restricted in food intake. When the animals in group I showed evidence of vitamin A deficiency the rats from each group were dosed with 10 mg. of chloretone daily. The amounts of ascorbic acid excreted in the'urine are shown in Fig. 3 . The mean rise at the peak of excretion was (in mg.):
Group I vitamin A-deficient 6.9 Group 2 vitamin A given, food intake restricted 6.3 Group 3 vitamin A given, food intake unrestricted 12.4
The results show that the animals in group 2 did not excrete more ascorbic acid than the deficient animals, which suggests that the diminished response of the vitamin Adeficient male rat to chloretone can be entirely accounted for by its lowered food intake.
In a second experiment (Fig. 3) in which female piebald rats were used, the mean at https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19480003
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Ascorbic acid and olitamin A dejaency 9 rise in urinary ascorbic acid at the peak of excretion was 8.9 mg./day in rats receiving vitamin A with a restricted food intake, compared with a mean rise of 7.4 mg./day in the vitamin A-deficient animals. The results with the female animals were less clearcut than those with the males, which is probably due to the fact that the individual response to chloretone in the normal females was far more irregular than in the males. The difference between the two groups was, however, less marked than it was when the food of the animals given vitamin A was unrestricted (see previous section), which again suggests that the food intake of the animals is more important than their stateof vitamin A deficiency in determining the amount of ascorbic acid excreted in response to chloretone.
Ascorbic acid in tissues
Food intake unrestricted. The ascorbic acid concentration in the tissues of vitamin Adeficient and non-deficient male piebald rats was determined after dosing with 20 mg. chloretone (Table 2 , Exp. I). Some animals from the same batch, both deficient and non-deficient in vitamin A, were not dosed.
Administration of chloretone increased the. ascorbic acid concentration in the liver and blood of the deprived animals, but produced no change in the ascorbic acid content of the suprarenal glands. With non-deprived animals chloretone produced some increase in the blood value for ascorbic acid, but had no effect on the ascorbic acid content of the liver or suprarenal glands.
A similar result was obtained with younger animals with a daily dose of 10 mg. of chloretone (Table 2, Exp. 2).
The increase of ascorbic acid in the tissues as a result of chloretone treatment was, therefore, as marked in the deficient as in the non-deficient animals, a fmding which again suggests that there is no failure in the ability of the vitamin A-deficient rat to synthesize ascorbic acid.
Food intake restricted. A second experiment was carried out on thirteen pairs of male or female piebald rats, but this time the food intake of the non-deprived animals was restricted by paired feeding to that of the vitamin A-deficient rats. Ten pairs were given 10 mg. dhloretone on 4 successive days, while the remaining three pairs were not dosed. All the animals were killed on the day after the last dose, and the ascorbic acid content of the liver, suprarenal glands and blood was determined.
The results are given in Table 3 . The effect of chloretone on the animals in this experiment was found to be generally similar to that found with animals whose food intake was unrestricted.
Both in this experiment and in those described in the previous section, some of the vitamin A-deficient rats were moribund atqhe time of killing. It will be noted ( Table 3) that in such animals the level of ascorbic acid in the liver was markedly reduced, even after chloretone. 1945) claimed to have produced scurvy-like alterations in the teeth of vitamin Adeficient rats, which they attributed to an impairment of ascorbic acid synthesis. These changes in the teeth were, however, unaffected by administration of ascorbic acid, but responded when vitamin A was given, showing that the lesions could not be attributed to a deficiency of ascorbic acid. The results of the experiments described in this paper indicate that the lowered urinary excretion and tissue concentration of ascorbic acid found in vitamin Adeficient male rats can be attributed to the reduction of food intake which accompanies this condition. There was one observation which is difficult to explain, namely, that restriction of food intake did net reduce the blood values for ascorbic acid of nondeprived male albino rats to the level found in similar vitamin A-deficient animals (Table I, Exp. 2). In female rats, however, the concentration of ascorbic acid in the tissues was found to be unaffected by vitamin A deficiency or by restriction of food intake. Throughout these experiments the animals were assumed to be vitamin A deficient when growth had ceased and body-weight had begun to fall. This assumption was confirmed when, on analysis, the liver reserves of vitamin A were found to be completely exhausted. In some cases vitamin A deficiency had progressed to such an extent that the animals were in a moribund condition when killed. These were the only animals in which a pronounced fall in the content of ascorbic acid in the liver was found, and this occurred in both males and females. Even in these cases, however, the amount of ascorbic acid in the suprarenal glands remained unchanged. It is doubtful if in such circumstances a fall of ascorbic acid in the liver is in any way sigruficant.
The urinary excretion of ascorbic acid in response to chloretone appeared to be affected more by changes in food intake than by vitamin A deficiency. Administration of chloretone produced no change in the ascorbic acid concentration of the liver and suprarenal glands of the non-deprived male rat, which suggested that these tissues were already saturated with ascorbic acid. In the female, however, the drug raised the concentration of ascorbic acid in the liver; it is possible, therefore, that in the female the liver is not normally saturated with ascorbic acid.
The only occasion on which the urinary response to the drug was found to be noticeably reduced was when the rats appeared to be moribund at the time of killing. This occurred in five of the vitamin A-deficient animals, and, as previously stated, the concentration also of ascorbic acid in their livers was abnormally low. Throughout all these experiments the level of ascorbic acid in the suprarenal glands was found to remain constant and to be unaffected by deprivation of vitamin A, restriction of food intake, or administration of chloretone. 2. The ascorbic acid content of the liver and blood w& diminished in vitamin A-deficient male rats. This diminution was not due to increased urinary excretion of ascorbic acid but could, in the case of the liver, be accounted for by the lowered food intake of the deficient animals.
3. In the female animal vitamin A deficiency did not reduce the ascorbic acid concentration in the tissues. A reduction of the concentration of ascorbic acid in the liver occurred in those instances only where the deficiency had progressed to an extreme degree.
4. The rise in urinary excretion of ascorbic acid in response to chloretone was less in vitamin A-deficient rats than in nondeprived ones, but this difference was eliminated if the food intake of .the latter was restricted to that of the deficient animals. 5. The oral administration of chloretone raised the concentration of ascorbic acid in the blood of vitamin A-deficient rats, both male and female ( Table 2 , Exp. I, and Table 3 ). It likewise increased the ascorbic acid level in the blood of non-deficient male and female rats with restricted food intake (males, Table 3 ). It increased the ascorbic acid concentration in the liver also of non-deficient female rats with restricted food intake (Table 3) . Chloretone did not, however, increase the ascorbic acid content of the liver of non-deficient male animals with unrestricted food intake ( Table 2) . Chloretone did not significantly increase the ascorbic acid content of the suprarenal glands in any circumstances.
6. In these experiments no specific relationship was found between the rat's resources of vitamin A and its capacity to synthesize ascorbic acid.
